Haemophilus influenzae causes serious infections in children, notably, meningitis and epiglottitis. The emergence of ampicillin resistance in H. influenzae in 1974 and its spread through the population has necessitated the use of chloramphenicol in the initial antibiotic therapy of children with systemic H. influenzae infections. Unfortunately, in the last few years chloramphenicol-resistant H. influenzae organisms were isolated from both healthy and infected individuals. Since 1978, chloramphenicol-, tetracycline-, and ampicillin-resistant strains (Cmr, Tcr, Apr) have been isolated, particularly in children migrating from the Far East. These multiresistant H. influenzae strains present a serious problem in the treatment of disease due to such organisms.
Chloramphenicol resistance in H. influenzae has not been well characterized, although Zaidenzaig et al. (15) examined a chloramphenicol acetyltransferase (CAT) partially purified from a chloramphenicol-resistant H. parainfluenzae isolate. In this study, we characterized nine chloramphenicol-resistant H. influenzae strains isolated in various parts of the world from both healthy and infected people. CAT activity was found in each of the strains.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains and plasmids used in this study are listed in Table 1 .
Media. The solid medium used for the growth of H. influenzae was a modified Keliogg agar plate supplemented with 10 pg of hemin, 10 pg of L-histidine, and 2 pg of nicotinamide adenine dinucleotide per ml (2) . For certain experiments, the solid medium was supplemented with 5 pLg of chloramphenicol, 5 pug of tetracycline, 10 pg of ampicillin, 10 pg of rifampin, 10 pg of erythromycin, or 250 pg of streptomycin per ml; drugs were added singly or two in combination. Brain heart infusion, 3.5% (Difco), was used to grow Escherichia coli. The same nutrient broth supplemented with 10 pug of hemin, 10lg of L-histidine, and 2 pg of nicotinamide adenine dinucleotide per ml was used for H. influenzae. Chloramphenicol-resistant E. coli strains were also grown on MacConkey agar containing 20 pg of chloramphenicol per ml. Plate cultures were grown at 36.5°C in 5% C02, whereas liquid cultures were incubated at 370C and shaken at 200 rotations per min. Agarose gel electrophoresis. Cleared lysates of bacterial strains were prepared as described by Meyers et al. (9) . Strains were also lysed by using the procedure described by Hansen and Olsen (4) . Both were subjected to electrophoresis through a 0.7% agarose gel. The molecular mass of each plasmid was calculated from the distance traveled down the gel compared with molecular weight standards derived from E. coli (9) .
Determinations of minimal inhibitory concentrations. The minimal inhibitory concentrations were determined by agar dilutions, using a Steers replicator. An inoculum of 105 was used as described by Syriopoulou et al. (13) .
Mating procedure. Filter matings were performed by using a modification ofthe method of van Klingeren et al. (14) . Donor and recipient strains were grown separately to a density of 108 per ml. Equal volumes of donor and recipient were placed on a Bio-Rad 0.2-pm filter and incubated overnight. After incubation, the cells were rinsed from the filter, diluted, and plated. The recipient strain, H. influenzae Rd Rifr Eryr Strr (rifampin resistant, erythromycin resistant, and streptomycin resistant), was mated with each chloramphenicol-resistant H. influenzae strain. All donors tomycin, and erythromycin resistant were used. Fifty to 100 transconjugants from each medium were screened for unselected markers (Cm, Tc, and Ap). Selected transconjugants were lysed; the resistance to Tc, Cm, and Ap was always correlated with the presence of a 34-to 46-megadalton plasmid. The data from three sets of experiments are summarized in Table 3 . All of the plasmids, with the exception of pMR387, transferred Tc and Cm or Tc, Cm, and Ap as a unit at a frequency ranging from 10-3 to 10-5. On occasion, some of the transconjugants were susceptible to tetracycline or ampicillin. Over 1,000 transconjugants were examined; none were found to have lost more than one resistance determinant or to be susceptible to chloramphenicol.
Plasmid pMR387 appeared to be different from the others. This plasmid is from the Thailand strain, which carries at least three different plasmid species. When strain R387 was used as a donor, the Tc and Cm determinants appeared to transfer as a unit. However, the ampicillin determinant did not. In the first mating experiment ampicillin transferred as an unselected marker 40 to 47% of the time with Cm or Tc. However, in subsequent mating, the frequency of cotransfer of ampicillin and Tc or Cm was considerably less, yielding an average for three matings of 7 to 14%. The first matings were performed soon after we received the strain, whereas the others were performed 1 and 2 months later. However, the reduced frequency bIn the first mating, Ap transferred as an unselected marker with Cm at 47% and with Tc at 41%. In later matings, cotransfer was significantly reduced, and the average cotransfer was 14 or 13%. of cotransfer of ampicillin was also found in the frozen stock of this strain. Since the strain carries at least three plasmids, the ampicillin determinant may have been on one of the smaller plasmids. Transconjugants derived from this strain, two resistant to ampicillin and the other resistant to chloramphenicol and tetracycline, along with the donor R387, which had lost its resistance to ampicillin, were examined by agarose gel electrophoresis. All transconjugants showed a single 42-megadalton plasmid band (Fig. 2) .
In addition, the plasmid complement seen in the Cmr Tcr Ap8 donor (R387) was identical to that of the R387 Cmr Tcr Apr donor (Fig. 1) . This suggests that the ampicillin determinant is not on one of the small plasmids. Twenty R387 transconjugants selected for Cm or Ap were subsequently lysed; none had received the smaller plasmids.
Characterization of CAT. Chloramphenicol resistance is commonly associated with the presence of the enzyme CAT. Three different plasmid-mediated enzymes have been characterized among the Enterobacteriaceae (types I, II, and III). A type III-like enzyme has been described in a chloramphenicol-resistant H. parainfluenzae strain (15) . Therefore, we wanted to determine whether these Chloramphenicol-resistant H. influenzae strains produced CAT.
Enzyme extracts were prepared from each H. influenzae strain and a corresponding transconjugant along with the E. coli strains carrying one of the prototypic enzymes. Activity was assayed with acetyl-coenzyme A, chloramphenicol, and the supematant derived from sonicated bacteria and monitored spectrophotometrically.
H. influenzae Rd Strain R387 is unusual in that it carries at least three different plasmid species. However, like the other strains, R387 transfers chloramphenicol and tetracycline as a single unit. The ampicillin determinant initially transferred with these two markers at only 40%. The ability to transfer ampicillin at even this frequency was quickly lost. Transfer of ampicillin resistance itself was reduced 100-fold in comparison with chloramphenicol and tetracycline resistance; with some clones the ability to transfer ampicillin resistance was lost, but the strain remained resistant to ampicilhin. The ampicillin marker appears to be carried on a large plasmid of the same molecular weight as the tetracycline and chloramphenicol markers. Whether R387 actually carries two large plasmids of similar molecular weight or one plasmid carries all three determinants is still under investigation.
The transfer of Cmr is correlated with the presence of CAT activity. The two clinical H. influenzae strains, R375 and R387, which have the highest minimal inhibitory concentrations for chloramphenicol (40 ,tg/ml) by agar dilution also appear to have more CAT activity than the other chloramphenicol-resistant H. influenzae strains. This higher level of enzyme activity is transferred to the transconjugants when R375 is the donor but not when R387 is the donor. R387 may have more than one determinant for chloramphenicol resistance; this is under investigation. However, there appears to be no correlation between agar minimal inhibitory concentrations and measurable CAT activity with the other resistant strains.
At the present time, the CATs from these strains are being characterized to determine whether they are similar to one of the three enteric plasmid-mediated enzymes previously 614 ROBERTS ET AL. 
